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A B S T R A C T
In domestic dog’s trait impulsivity can be measured psychometrically using the Dog Impulsivity Assessment
Scale (DIAS) and experimentally using a temporal discounting paradigm which requires substantial training. A
Spatial Discounting Task (SDT) was developed as an alternative experimental method to assess impulsivity, and
evaluated performance in adult (2–10 years) and younger (2–9 months) dogs. The test was modiﬁed for ﬁeld use
with fewer controls (Simpliﬁed Spatial Discounting Task (SDTs)). Convergent validity with the SDT and DIAS
Overall Questionnaire Scores (OQS) and stability over time (4–6 weeks) in the two age groups was determined.
96% of dogs recruited reached criterion for testing. A signiﬁcant positive relationship was found between
Maximum Distance Travelled (MDT) in the SDT and OQS in adult dogs (r= 0.46, p=0.028), with good test-
retest reliability evident for both (p < 0.001). In young dogs, there was good test-retest reliability for OQS
(p=0.023), but no signiﬁcant relationship was found between OQS and MDT, test-retest reliability for MDT in
young dogs was poor. In the SDTs, 100% of dogs recruited met criterion for testing and there was a signiﬁcant
relationship between MDT and OQS (r= 0.61, p=0.027). The SDT appears to be a useful method for measuring
impulsivity in adult dogs with wide applicability.
1. Introduction
Impulsivity has been deﬁned as the extent to which an individual
evaluates the consequences of their behaviour (Moeller et al., 2001;
Barratt and Patton, 1983; Fairbanks et al., 2004; Peremans et al., 2002),
and is expressed in a range of behaviours linked with inhibitory control
(Logue et al., 1988; De Wit, 2008; Wright et al., 2012). Higher levels of
impulsivity have been linked to poorer or less accurate choices in terms
of decision making (Dalley et al., 2008; Puumala and Sirvo, 1999)
suggesting that this aspect of temperament is potentially an important
predictor of performance in complex environments. Temporal dis-
counting (the ability to tolerate delays in reward delivery) has been
used to examine temperament (Ostaszewski, 1996), and has extensively
been used as a measure of impulsivity across a range of species in-
cluding rats (Perry et al., 2007; Reynolds et al., 2002; Green et al.,
2004) pigeons (Green et al., 2004; Ainslie, 1974; Logue et al., 1988;
Wolﬀ and Leander, 2002), dogs (Wright et al., 2012), primates (Tobin
et al., 1996; Evans and Beran, 2007; Rosati et al., 2007) and humans
(Pine et al., 2010; Dittmar and Bond, 2010; Ostaszewski, 1996; Bickel
et al., 2007). Temporal discounting paradigms have been used to ex-
amine cognitive processes linked to decision making in terms of goal
directed behaviour, addiction behaviours (Bickel et al., 2007), and so-
cially important behaviours (Critchﬁeld and Kollins, 2001).
In addition, impulsivity as a trait is thought to be linked to
behaviour problems and disorders relating to a limited or lack of self-
control and an inability to tolerate frustration (Brady et al., 1998;
Vollmer et al., 1999; Fairbanks et al., 2004; Perry et al., 2005; Pine
et al., 2010; Wright et al., 2011; Pavlov et al., 2012). The use of tem-
poral delay discounting to understand cognitive processes enables
measurement of traits relating to decision making processes such as
impulsivity, but to maximise the potential to do this the tests used to
assess these traits need to be practical in a variety of contexts in which
they would be useful, such as in the working dog selection environ-
ment, which is very diﬀerent to the laboratory setting, with pressure on
both the time and space available for assessment.
The Dog Impulsivity Assessment Scale (DIAS) is a validated ques-
tionnaire which assesses impulsivity in dogs in terms of their overall
level of the trait (Overall Questionnaire Score, OQS), but also in terms
of 3 component factors: Behavioural Regulation (Factor 1), Aggression
and Response to Novelty (Factor 2), and Responsiveness (Factor 3)
(Wright et al., 2011). While this tool is useful for measuring impulsivity
in dogs, it is limited to those with a known history (where there is a
consistent caregiver able to answer the questions for the dog over a
range of contexts). As part of the validation of the DIAS it has shown
convergent validity with an operant learning task centred around a
temporal discounting paradigm (delayed reward choice task (DRCT)
(Wright et al., 2012)). This examines maximum time delay tolerated for
a larger reward when an immediate smaller reward is also available,
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(Wolﬀ and Leander, 2002). The maximum delay tolerated before
switching correlated with the psychometric assessment of impulsivity
(more impulsive individuals tolerated shorter delay) (Wright et al.,
2012). The long-term stability of impulsivity has also been examined
and found to be stable up to 6 years post initial assessment using the
DIAS (Reimer et al., 2014).
Unlike the DIAS, the DRCT can be used to generate an impulsivity
score in dogs of unknown history, but the test involves considerable
training, with dogs reported to take up to four, 60min sessions to reach
the criterion required before assessment can begin. A 50% drop out rate
has been reported also during this process (Wright et al., 2012). These
factors limit the feasibility of this test to practically assess impulsivity
(Wilsson and Sundgren, 1998) with the potential for selection bias.
Spatial discounting potentially oﬀers a simpler alternative to temporal
discounting for the assessment of impulsivity. It assesses the animal’s
perception of reward value as distance changes (Stevens et al., 2005).
The spatial discounting paradigm typically involves assessing the value
of reward while gradually increasing the distance an animal is required
to travel for a larger reward compared to a smaller closer one. The
distance at which the subject will no longer travel for the larger reward
and switches to the small, closer reward is used as the metric of interest.
Spatial discounting paradigms are not entirely independent of temporal
choice, as an increase in distance also creates an increase in time taken
to reach the larger reward. Similar to temporal discounting, spatial
discounting has been used in a variety of ways to help understand de-
cision making behaviour. It has been used in primates to help examine
goal directed behaviour relating to foraging patterns (Kralik and
Sampson, 2012), evaluative behaviours in rats (Papale et al., 2012), and
the diﬀering impact of food and social reward on decision making be-
haviour in guppies (Muhlhoﬀ et al., 2011). However, there is also
evidence to suggest that spatial and temporal discounting may not
completely correlate. In primates, diﬀerences have been observed be-
tween species (Tamarins and Marmosets) in terms of their delay tol-
erance in spatial and temporal discounting tasks. While Tamarins tra-
velled further for a large reward compared to Marmosets, the
marmosets waited longer for the large reward, this has been suggested
to be a result of diﬀerent feeding ecology between the species (Stevens
et al., 2005). These diﬀerences between the rates of spatial and tem-
poral discounting in these species suggest there is a diﬀerence in the
way these types of delay are viewed, and that this varies between
species. In relation to the dog, a more opportunist scavenger or hunter,
there is no information on the convergence or divergence between
spatial and temporal discounting. While temporal discounting has been
used to measure temperament traits (Wright et al., 2012), little is
known about how spatial delay is tolerated by individuals and whether
it can be used to assess temperament traits in a similar way.
Temperament traits arise largely as a result of the interaction of
genetic and experiential factors early in life, it has been shown to
change over time from early life in both humans (Putnam et al., 2001)
and primates (Heath-Lang et al., 1999), but it is still largely unknown at
what age many traits become stable and predictable in dogs. In dogs, it
is unknown at what age the DIAS or the delayed reward choice task are
valid, but it is important to understand this, as selection for future work
function often occurs early in the dog’s life (Svobodová et al., 2008;
Wilsson and Sundgren, 1998). The advantages of a spatial discounting
task over a temporal delay paradigm are that no speciﬁc training is
necessarily required, giving the resulting test the potential to be applied
more quickly, with a greater number of animals able to pass inclusion
criteria for assessment. This could make it a simpler tool for use in
younger animals and those with less training history.
Therefore, the aim of this study was to develop a spatial discounting
task suitable for dogs of all ages and to validate this against DIAS scores
in adult dogs. Secondarily, we examined the validity of the spatial
discounting task and DIAS as a means of assessing impulsivity in young
dogs. Finally, we adapted the spatial discounting task to make it simpler
to use in a ﬁeld setting with fewer controls and examined its convergent
validity with DIAS.
Two variants of a runway task were used to examine the distance at
which a large reward was discounted by dogs, in favour of a smaller
closer reward. This measure from each variant was then examined
against overall questionnaire score (OQS) for impulsivity to establish
the preferred form of runway method for assessing impulsivity in dogs
and puppies. DIAS scores and spatial discounting task performance in
dogs under 9 months of age were then examined to investigate the
development of the trait over time within individuals.
2. Material and methods
Informed consent was obtained from dog owners prior to the study.
The University of Lincoln ethical procedures and guidelines were ad-
hered to and approval was obtained before data collection.
2.1. General principles of the spatial discounting task (SDT) used
In the spatial discounting task (SDT), a variant of the spatial dis-
counting paradigm, dogs are presented with two trays, one containing 3
pieces of food, and the other containing 1 piece of food. Training in-
volves ensuring the dog can discriminate between where the large and
small rewards are located. Once this has been established, testing in-
volves a series of trials in which the dog is allowed to choose between
the two trays. The dog naturally chooses the tray with the larger reward
initially, but this tray is gradually moved further away from the dog.
The goal is to establish the maximum distance the dog will travel for the
larger reward before switching to the smaller, closer reward, deﬁned by
a predetermined number of consecutive choices of this smaller reward
(Figs. 1 and 2).
In our version, the trays were of diﬀerent colour and luminance to
ease discrimination and the larger reward tray moved 25 cm at a time.
Further details of the speciﬁc methods and how they were adapted is
given in relation to each study below.
2.1.1. Psychometric proﬁling
Owners completed The Dog Impulsivity Assessment Scale (DIAS)
(Wright et al., 2011) to enable impulsivity scores and related compo-
nents to be compared against the maximum distance they travelled. For
dogs which completed the spatial discounting task on two separate
occasions, the questionnaire was also completed twice to examine the
test retest reliability of the DIAS in dogs under 9 months of age. From
the DIAS, Overall Questionnaire Score (OQS), Factor 1 Behavioural
Regulation (F1), Factor 2 Aggression and Response to Novelty (F2), and
Factor 3 Responsiveness (F3) were all calculated as measures of com-
ponents of impulsivity as per Wright et al. (2011).
2.2. Laboratory study 1: spatial discounting task (SDT1) with adult dogs
2.2.1. Subjects
25 adult dogs over 2 years old were recruited from the general
public, 24 of which reached criterion for data inclusion. Half of the
subjects (12 adult dogs) were retested 4–6 weeks after initial testing.
2.2.2. Equipment
Two equal sized trays (length 36 cm×width 25 cm×depth 6 cm),
one blue, one yellow, were used, with the larger reward consisting of 3
pieces of cheese, and the smaller one 1 piece of cheese (approx. 1 cm3).
The colour of the tray containing each reward was randomised between
subjects within the constraints of counterbalancing across the popula-
tion for both colour of tray and contents.
A tape measure was attached to the ﬂoor to a length of 10m to
enable the experimenter to rapidly set the trays up at the start, move
the large reward tray accurately during testing, and measure the
Maximum Distance Travelled (MDT) by the dog. Each tray was posi-
tioned lengthwise, one 25 cm to the left, with the front of the tray
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parallel to the start of the tape, the other tray positioned 25 cm to the
right in the same way. An opaque screen (50 cm high) running the
length of the tape was used to ensure that once the dog had made a
choice it could not change that decision and switch sides. Test subjects
were positioned 1m in front of the start position of the trays.
A curtain (80 cm high) was used to block each dog’s visual access to
the equipment when not being tested. This was positioned between the
test subject and the start of the tape measure and trays. Before each trial
the curtain was dropped to allow the dog to approach the test set up and
after each trial the dog was taken back behind the start line and the
curtain was put back up.
Dogs were restrained on a short lead that was attached to a secured,
static point behind the experimental set up when not making a choice.
When required to perform the task they were swapped from the short
lead onto a long line and the curtain was dropped to allow the dog to
approach the experimental set up and make a choice. The line was held
by the researcher from behind the dog. Once a tray had been chosen,
lead length was reduced and the dog was then taken back behind the
start line and re-secured. The curtain was then put back up and the
rewards replenished and equipment repositioned (if the large reward
tray had been selected). The researcher operated the curtain and
managed the dog while an assistant replenished rewards and reposi-
tioned the equipment. Training and testing stages were conducted
within a controlled enclosed space at the University of Lincoln Animal
Behaviour and Training Centre.
2.2.3. Training protocol for spatial discounting task (SDT)
Both trays were presented simultaneously for 12 trials (dual-pre-
sentation trials). Testing only occurred if the dog met criterion by
choosing the tray containing the larger reward at least 10/12 times in 2
successive sets of dual-presentation trials, the last 5 choices in each trial
also had to be for the larger reward tray. Dogs were given up to 5 sets of
dual presentation trials to reach criteria.
2.2.4. Testing: distance choice test
Testing began following a 10-min break after meeting criterion.
This stage involved repeated presentation of both trays (Fig. 2).
Each time the large reward tray was chosen it was moved further from
Fig. 1. Experimental set up for the spatial discounting task (SDT).
Fig. 2. Testing procedure for the spatial discounting task (SDT).
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the start line by 25 cm. When the small reward tray was chosen, the
position of the trays remained the same for the next trial; rewards were
then simply replenished. This testing stage ended when the dog had
chosen the small reward tray 5 times in succession. At this point, the
distance to the large reward tray was measured and recorded as the
MDT. All MDT measurements were taken from the front of the tray.
All dogs were required to choose the tray containing the large re-
ward at least once during test trials for their MDT results to be con-
sidered valid.
2.3. Simpliﬁed ﬁeld study: SDTs with adult dogs
2.3.1. Subjects
13 dogs aged between 2 years and 9 years were recruited from the
general public to take part in a simpliﬁed version of the SDT, referred to
as a Simpliﬁed Spatial Discounting Task (SDTs). This involved the fol-
lowing changes:
Training and testing was carried out in an environment familiar to
each dog, usually in the garden or driveway of their home, rather than
in a controlled setting. There was no barrier nor curtain. Dogs were
trained to discriminate between a blue, large reward tray (3 pieces of
preferred food of the subject, rather than cheese) and yellow, small
reward tray (1 piece of the same preferred food of the subject) by
presenting the large reward tray thirty times followed by the small
reward tray ten times. Training criteria was met when the dog chose the
large reward tray at least 8/10 times in 2 successive dual presentation
trials. The dog then progressed to the testing phase (as described in
2.2.4) which ended when the dog had chosen the small reward tray 10
times in succession.
2.4. Laboratory study 2: SDT2 with young dogs
2.4.1. Subjects
25 dogs aged between 2 and 9 months were recruited from the
general public, 24 of which reached criterion for data inclusion. Half of
the subjects (12) were retested 4–6 weeks after initial testing.
The SDT protocol from Laboratory Study 1 was followed, except
that the pieces of cheese were 0.5 cm3, i.e. 1/8th of the volume.
2.4.2. Data & statistical analysis (SPSS 21.0)
Linear regression was performed on the data to assess relationships
between DIAS OQS and MDT in all sample populations, and also to
assess relationships between the test and retest for the OQS and MDT in
the laboratory studies. Pearson’s correlations were also used to de-
termine the strength of the correlation between MDT and OQS in all
sample populations.
3. Results
3.1. Laboratory study 1: SDT1 with adult dogs
Of the 25 dogs recruited, 24 (96%) reached criterion and completed
the SDTl. 1 adult dog was excluded from analysis due to being diag-
nosed with hip dysplasia shortly after the testing. Accordingly, 23 out of
the 24 dogs provided data for analysis of convergent validity with DIAS.
The demographic details of age, breed, sex, OQS and MDT for these 24
dogs is shown in Fig. 3. Eleven out of 12 dogs provided data for test-
retest analysis. The dog that was excluded from both sets of analysis
completed the test, but was discovered to have an orthopaedic problem
that could have impacted on the results.
The mean MDT for adult dogs was 3.27m ± 1.74m and the mean
OQS for adult dogs was 0.55 ± 0.1.
A signiﬁcant negative correlation (r=−0.46, p= 0.028, adj
R2= 0.171) was found between OQS and MDT (Fig. 4).
3.1.1. Test retest
The relationship between OQS at test and retest in adult dogs was
signiﬁcant (r= 0.949, p < 0.0001, adj. R2= 0.89). The mean OQS at
initial testing was 0.54 and the mean OQS at retest was 0.53.
The relationship between MDT at test and retest in adult dogs was
also signiﬁcant (r= 0.859, p=0.001, adj. R2= 0.71). The mean MDT
at initial testing was 3.27m and the mean MDT at retest was 3.55m
(Fig. 5).
3.1.2. DIAS factor analysis
A signiﬁcant relationship was also found between MDT and DIAS
Factor 1 (r=−0.463, p= 0.026, adj. R2= 0.177 Fig. 6).
No Signiﬁcant relationships were found between MDT and DIAS
Factor 2 (p=0.971) or MDT and Factor 3 (p=0.296).
3.1.3. Simpliﬁed ﬁeld study: SDTs
All 13 dogs recruited met criteria for testing and all provided data
for analysis. The demographic details of age, breed, sex, OQS and MDT
for these 13 dogs is shown in Fig. 7.
The mean MDT was 1.88m ± 1.64m and the mean OQS was
0.53 ± 0.07. A signiﬁcant negative correlation (r=−0.61, p=0.028,
Fig. 3. Demographics (age, sex, breed) and Overall Questionairre Score (OQS) from the
Dog Impulsivity Assessment Scale (DIAS) and Maximum Distance Travelled (MDT) of
Adult Dogs in Laboratory Study 1: SDT1.
Fig. 4. Relationship between Overall Questionairre Score (OQS) from the Dog Impulsivity
Assessment Scale (DIAS) and Maximum Distance Travelled (MDT) in the Spatial
Discounting Task (SDT) by adult dogs.
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adj. R2= 0.313) was found between OQS and MDT (Fig. 8).
No Signiﬁcant relationships were found between MDT and Factor 1
(p=0.162), Factor 2 (p= 0.192) or Factor 3 (p= 0.154).
3.2. Laboratory study 2: SDT2 with young dogs
Of the 25 young dogs recruited, 24 (96%) reached criterion and
completed the behaviour test (SDT). Twenty three out of the 24 young
dog data were used for analysis, 11/12 retest data were analysed. One
of the young dogs was excluded from analysis after having completed
the testing as they had come into season during the retest and this may
have impacted on their results. The demographic details of age, breed,
sex, OQS and MDT for the 23 young dogs is shown in Fig. 9.
The mean MDT in young dogs was 2.70m ± 1.94m and the mean
OQS was 0.54 ± 0.06. The relationship between OQS and MDT for
puppies was not signiﬁcant (r=−0.053, p=0.811, adj. R2=−0.062
Fig. 10).
3.2.1. Test retest
The relationship between OQS at test and retest in young dogs was
signiﬁcant (r= 0.673, p=0.023, adj. R2= 0.393). The mean OQS at
test was 0.54 and the mean OQS at retest was 0.57. See Fig. 11.
The relationship between MDT at test and retest in puppies was not
signiﬁcant (r= 0.414, p=0.15, adj. R2= 0.115). The mean MDT at
test was 3.09m and the mean MDT at retest was 2.80m (Fig. 12).
A signiﬁcant positive correlation (r= 0.62, p= 0.044, adj.
R2= 310) was found between DIAS Factor 3 and MDT in young dogs in
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Fig. 5. Relationship between Maximm Distance Travelled (MDT) from the Spatial
Discounting Task (SDT) at test and retest by adult dogs.
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Fig. 6. Relationship between Maximum Distance Travelled (MDT) from the Spatial
Discounting Task (SDT) and Behavioural Regulation (Factor 1 from the Dog Impulsivity
Assessment Scale (DIAS)) by adult dogs.
Fig. 7. Demographics (age, sex, breed) and Overall Questionairre Score (OQS) from the
Dog Impulsivity Assessment Scale (DIAS) and Maximum Distance Travelled (MDT) of
Adult Dogs in the Simpliﬁed Field Study: SDT.
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Fig. 8. Relationship between Overall Questionairre Score (OQS) from the Dog Impuslviity
Assessment Scale (DIAS) and Maximum Distance Travelled (MDT) from the Simpliﬁed
Spatial Discounting Task (SDTs) by adult dogs.
Fig. 9. Demographics (age, sex, breed) and Overall Questionairre Score (OQS) from the
Dog Impulsivity Assessment Scale (DIAS) and Maximum Distance Travelled (MDT) of
Young Dogs in Laboratory Study 2: SDT2.
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Fig. 10. Relationship between Overall Questionairre Score (OQS) from the Dog
Impulsivity Assessment Scale (DIAS) and Maximum Distance Travelled (MDT) in the
Spatial Discounting Task (SDT) by young dogs.
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the retest (Fig. 13), but not for the initial test (r= 0.421, p=0.197,
adj. R2= 0.086.
No signiﬁcant relationships were found between MDT and DIAS
Factor 1 (p=0.59) or Factor 2 (p= 0.84).
4. Discussion
This study successfully developed a spatial discounting task suitable
for use in dogs, and has shown that it has reliability and convergent
validity with DIAS in adult dogs. However, there are still challenges
relating to the assessment of impulsivity in young dogs. While the DIAS
was found to be a reliable tool, the age at which the spatial discounting
task can be used to measure the trait in dogs remains unknown.
Convergent validity was found between the behaviour test and OQS
(p=0.028) and DIAS Factor 1 (Behavioural Regulation) (p=0.026) in
the controlled laboratory study (SDT1). In practical terms this meant
that dogs that travelled a shorter distance before switching (and thus
tolerated a shorter delay for reward) had higher impulsivity scores
compared to those that travelled further in the behaviour test; this ef-
fect has previously been demonstrated in a temporal discounting task in
dogs (Wright et al., 2012). The spatial discounting task also showed
reliability with MDT measures used in the controlled laboratory test
after 4–6 weeks among adult dogs. In light of this the behaviour test
could be used to predict impulsivity as measured by OQS in adult dogs
when it is not suitable for the DIAS to be completed, for example when
a dog does not have a consistent caregiver to answer the questionnaire.
Spatial discounting can be used to assess impulsivity in dogs and yields
similar results to previous research which used a temporal discounting
paradigm (Wright et al., 2012), suggesting a degree of convergence
between spatial and temporal discounting in dogs, unlike some species
of primate (Stevens et al., 2005).
Relationships between temporal discounting and temperament
traits relating to impulsivity have been observed in a variety of species
(Ostaszewski, 1996; Perry et al., 2007; Ainslie, 1974; Wolﬀ and
Leander, 2002; Tobin et al., 1996; Evans and Beran, 2007; Rosati et al.,
2007; Bickel et al., 2007). Our research shows individual diﬀerences in
tolerance to spatial delay of reward in dogs, linked to how impulsive
the individual is. The convergence between spatial and temporal delay
tolerance in dogs, rather than the primate species studied, could po-
tentially be linked to their feeding ecology as hunters or scavengers,
which may have created an adaptive advantage to being ﬂexible in
terms of the nature of delays they can tolerate. The individual diﬀer-
ences in the rate of discounting are potentially linked to diﬀerences in
time perception or susceptibility to rewards, which impact on decision
making processes. This could help with the way we select and train dogs
for working roles, and enable us to better predict and manage problem
behaviours relating to impulse control.
Both laboratory and ﬁeld versions of the spatial discounting task
produced similar results in terms of the relationship between MDT and
OQS. As fewer controls were used in the ﬁeld study this suggests that
the test is quite robust in the face of environmental changes, and that
the distance and reward are most important in controlling the outcome
rather than other environmental factors or distractors. The spatial dis-
counting task is a simple test that can be used to assess impulsivity in
adult dogs, it is a faster and easier method for assessing impulsivity in
dogs compared to previous laboratory assessments using temporal
discounting. The maximum time for completion of the task was one 2 h
session and on average 96% of dogs recruited across the 3 studies were
able to complete testing. Being quick and simple for the dogs to engage
with improves the way the test can be utilised. Results of the ﬁeld
adaptation also show that a simpliﬁed version of the spatial discounting
task can be a valid way of assessing impulsivity in a less controlled
setting without the need for so many controls. No relationship was
found between the ﬁeld behaviour test and Factor 1 (Behavioural
Regulation), while this could be a result of the smaller sample size, it
could also indicate that the ﬁeld test cannot provide the same level of
detail relating to assessment of the trait compared to the laboratory test.
However, with a higher proportion of dogs meeting criteria for testing,
and a short, single training session required to complete the test, the
spatial discounting test is a more time feasible method of measuring
impulsivity in domestic dogs, compared to the delayed reward choice
task (Wright et al., 2012).
In humans, reward value has been shown to inﬂuence the temporal
delay tolerated (Rosati et al., 2007). However, reward ratio has been
shown to be more important than absolute values in primates, with 1
treat used as a small reward and 3 as the large reward having been
shown to be an eﬀective diﬀerence (Long and Platt, 2005; Stevens et al.,
2005), this was also used in the temporal delay task with dogs (Wright
et al., 2012). Reward value has also been examined in non-human an-
imals in terms of having a magnitude eﬀect on rates of discounting and
while some evidence suggests there is not a magnitude eﬀect in terms of
absolute values (Green et al., 2004; Stevens et al., 2005), there is evi-
dence to support the idea that less preferred rewards are discounted
more steeply in rats (Farrar et al., 2003). As diﬀerent reward values or
types may alter the maximum delay an individual tolerates, this could
potentially be applied to lengthen or shorten the spatial discounting
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Fig. 11. Relationship between Overall Questionairre Score (OQS) from the Dog
Impulsivity Assessment Scale (DIAS) at test and retest by young dogs.
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Fig. 12. Relationship between Maximum Distance Travelled (MDT) in the Spatial
Discounting Task (SDT) at test and retest by young dogs.
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Fig. 13. Relationship between Maximum Distance Travelled (MDT) in the Spatial
Discounting Task (SDT) and Behavioural Responsiveness (Factor 3 from the Dog
Impulsivity Assessment Scale (DIAS)) by young dogs.
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behaviour test in practice, perhaps providing an even more concise way
to assess impulsivity in the ﬁeld. Whether reward value changes the
delay tolerated compared to ratio could provide information on the
behavioural expression of impulsivity, such as whether the behavioural
expression of the trait in dogs (in terms of delay tolerance) can be
manipulated by external reinforcers, as suggested in certain situations
for rats (Farrar et al., 2003).
Fast and simple assessment enables the spatial discounting task to
be used more widely. This makes it a more practical option for the
selection of dogs and developing an understanding of the trait in terms
of working dog success. As high impulsivity has been linked to beha-
viour problems resulting from a lack of self-control or inability to tol-
erate frustration (Wright et al., 2011), it could also have use in the
identiﬁcation of behaviour problems that may present in the ﬁeld that
could be missed during conventional selection and training processes.
Dogs might also be a useful model species for the assessment of the
inﬂuence of self-control training on trait impulsivity in real world set-
tings, given their cohabitation with owners.
It is important to also recognise the applications for this research in
other areas where there may not be consistent caregivers for a parti-
cular dog, such as a shelter environment. Therefore, in this sort of en-
vironment, the Simpliﬁed Field Study could be used to provide a useful
insight into impulsivity, and the corresponding behavioural prevalence
likely associated with certain levels of the trait (Wright et al., 2011). By
doing this spatial discounting task on dogs whilst they are in the shelter,
then retesting and using a questionnaire once they are in a stable home,
it could reveal whether this is a reliable tool for aiding in behaviour
assessments. However, it may also be that for some dogs, the environ-
ment of the kennels impacts on the results of the behaviour test which
may then impact upon the reliability. Therefore, further study is sug-
gested in this area.
Previous tests, such as the temporal discounting task, are more
limited in their application as training history impacted on ability to
learn the task and so resulted in a potential bias in the form of a self-
selecting population (Wright et al., 2012). By contrast the spatial dis-
counting task required little training of the dogs, with at least 96%
meeting the preselection criterion.
However, there are still challenges to assessing impulsivity in young
dogs, the age at which the trait becomes stable and measurable remains
unknown. No signiﬁcant relationship was found between young dog
MDT and OQS. The OQS was stable over time (4–6 weeks later), while
the MDT was not. This suggests that the age at which the behaviour test
can be used to predict the OQS score remains unknown. However, as
the behaviour test appears to be able to predict impulsivity score in
adult dogs, then logically there will be a point at which the test be-
comes predictive, and there are potentially other factors inﬂuencing the
behaviour test in young dogs. This could be because owners’ opinions
become ﬁxed early on rather than the trait becoming stable, or it could
be that young dogs are physiologically less able to perform the task due
to satiety or fatigue. If impulsivity is not as ﬁxed in young dogs as it is in
adult dogs, this would indicate there is potential to shape the expression
of the trait towards an optimal phenotype for the animal’s future
working function. Due to the varied ages of the young dogs sampled in
this study there is insuﬃcient data to speciﬁcally investigate age eﬀect,
but this is worthy of future study. More research is also needed to es-
tablish if a test can be devised that can predict overall questionnaire
score for impulsivity in young dogs as well as determine at what age the
spatial discounting task becomes predictive of this.
5. Conclusions
The spatial discounting task has been shown to be a valid measure
of OQS for impulsivity based on the DIAS in adult dogs. It is a preferable
test to use when compared to previous methods of assessing the trait
impulsivity (Wright et al., 2012) as the spatial discounting task takes
less time to train and test the dogs and results in a higher completion of
test rate. The simpliﬁed ﬁeld version of the spatial discounting task can
be used to assess impulsivity in dogs where there are practical limita-
tions, this enables the tool to be more widely used in a ﬁeld setting. The
test also enables in the assessment of impulsivity in dogs where the
DIAS cannot be completed. While the OQS was found to be a reliable
tool for measuring impulsivity in young dogs of known history, more
research is needed to establish the age at which the spatial discounting
task shows convergent validity with OQS score for impulsivity.
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